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Abstract 
Many countries are facing a decline in motivation for science resulting in reduced numbers of young people choosing to pursue 
the study science of and a career in science. This is a matter of considerable social concern and debate in light of the increasing 
recognition of the importance and economic utility of scientific knowledge in an industrialized society. In that respect, research, 
as well as national standards support technology-enhanced learning in science as a possible answer to this problem, however, to 
date research focusing on the effects on learner motivation is lacking. In this respect, this study dealt with the implementation of 
a web-based collaborative inquiry project in secondary science education and unravelled if it contributed to the aim of fostering 
students’ motivation to learn science. An empirical study in 13 secondary science classes was conducted, involving 220 students. 
Students’ motivation for science learning was studied by means of The Academic Self-Regulation Scale (Vansteenkiste, Sierens, 
Soenens, Luyckx, & Lens, 2009) based the Self-Determination Theory (SDT) (Deci & Ryan, 2000). The SDT framework 
maintain that autonomous motivation can be fostered within an environment that facilitates the satisfaction of three basic needs: 
1) students’ need for autonomy, 2) competence, and 3) relatedness. In this respect, is was hypothesized that web-based 
collaborative inquiry in science classrooms can be considered as a need-supportive environment which in turn can foster good 
quality motivation for science learning (i.e. high autonomous motivation, low controlled motivation). Based on the results of this 
study, the hypothesis of an overall increased autonomous motivation for science learning as a result of being exposed to web-
based inquiry during secondary science education need to be rejected. On the other hand an overall increase of controlled 
motivation is found, but this doesn’t result in more qualitative motivation profiles. We need to conclude that higher learner 
motivation cannot taken for granted because of technology-enhanced learning in science. Further research is needed to gain 
insight to what extent students perceive web-based inquiry learning as need-supportive and how we can improve the teaching and 
learning environment to satisfy their basic needs and improve good quality motivation for science learning.    
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1. Introduction 
Considering an increasing recognition of the importance and economic utility of scientific knowledge in an 
industrialized society, the general lack of interest in science and the resulting reduction in the numbers of young 
people choosing to pursue the study of science has become a matter of social concern and debate (Osborne, Simon, 
& Collins, 2003). One of the most important stakeholders in this context is education. According to the Relevance of 
Science Education (ROSE) project - an international comparative project meant to shed light on affective factors of 
importance regarding 15 years old students’ learning of science and technology - the lack of relevance of the 
Science & Technology curriculum is one of the greatest barriers for good learning as well as for interest in science 
content. Moreover, although adolescents in the 21st Century are immersed in a world where they are connected to 
their peers, to technology, and to the web-content they are interested in, when entering science classrooms, they are 
mostly disconnected from their peers and from the tools they regularly employ for informal learning. Since much of 
what is going on in science classrooms is not particularly attractive to students, they are prone to consider science as 
not engaging and irrelevant for their own life (Flemisch Government, 2006; Stark & Gray, 1999). Several 
researchers have found that students’ motivation to learn science tends to decrease during adolescence (Anderman & 
Young, 1994; Vedder-Weiss & Fortus, 2011). Yet, Vedder-Weiss and Fortus (2011) state that this decline is not an 
inevitable trend, since it is apparent only in traditional schools, but not in democratic ones in which students are 
allowed to make more choices about their learning. This finding can be explained by the Self-Determination Theory 
(SDT) (Deci & Ryan, 1985) claiming that self-determination foster motivation. According to Deci and Ryan’s SDT, 
motivation can be distributed along a continuum from high to low levels of self-determination. The most self-
determined style of motivation is intrinsic motivation. In addition, several types of extrinsic motivation have been 
proposed each with a different degree of self-determination. From a high to a low degree of self-determination, there 
is identified regulation where the individual’s behaviour reflects conscious values and is internalized as personally 
important; introjected regulation which represents a partial internalization without completely accepting it as one’s 
own; and external regulation which takes place when a behaviour is performed for external rewards or constraints 
(Deci, Vallerand, Pelletier, & Ryan, 1991). The subcomponents intrinsic motivation and internalized extrinsic 
motivation on the one hand are found to refer to autonomous motivation; the combination of external and introjected 
regulation on the other hand refer to controlled motivation (Vansteenkiste et al., 2004). Previous research within the 
SDT tradition has shown that an autonomous, relative to a controlled, regulation of study activities is associated 
with various positive learning outcomes (see Reeve, Deci, & Ryan, 2004, for an overview). Moreover, regarding 
science education more particularly, it has been found that the more self-determined students’ science motivation, 
the more likely they should consider an education and a career within a scientific field (Lavigne, Vallerand, & 
Miquelon, 2007). In this respect, autonomous motivation need to be fostered. In addition to extant variable-centered 
research focusing on the dimensions of autonomous and controlled motivation, more recent SDT-based research 
recommend a person-centred approach identifying four motivational profiles (Vansteenkiste et al., 2009): a good 
quality motivation group (i.e. high autonomous, low controlled motivation); a poor quality motivation group (i.e. 
low autonomous, high controlled motivation); a low quantity motivation group (i.e. low autonomous, low controlled 
motivation); and a high quantity motivation group (high autonomous, high controlled motivation). It has been found 
that high school and college students in the good quality motivation display the most optimal pattern of education 
outcomes and score highest on perceived-need supportive teaching (Vansteenkiste et al., 2009). 
 
This finding stresses the importance of teaching and instruction which is able to better meet the satisfaction of three 
basic needs of motivation, i.e. 1) students’ need for autonomy, 2) competence, and 3) relatedness (Deci & Ryan, 
2000; Vansteenkiste et al., 2009). This study put forth Web-based Inquiry Science Learning by means of the online 
learning environment WISE (Web-based Inquiry Science Environment, Slotta & Linn, 2009) as a particular 
educational approach and investigates whether this learning approach can improve good quality motivation, i.e. 
increase autonomous motivation, decrease controlled motivation for science learning. Previous research with WISE 
has indicated that teachers have commented that WISE projects help students learn due to the motivational 
characteristics of WISE. Teachers remark that students are more attentive, more collaborative, and more 
intellectually engaged in science when they are using WISE projects and moreover some teachers indicate that 
students whose interest in science had been minimal in the past made impressive contributions using WISE and took 
science more seriously (Slotta & Linn, 2009). Yet, in depth motivational research from students’ perspective is 
lacking. Following previous research from teachers’ perspective, this study test the hypothesis that WISE can 
increase learner motivation for science since students are engaged in activities in which science is made visible and 
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accessible, students can learn from each other and autonomous learning is promoted. In this respect, WISE can be 
considered as basic-need supportive since it is a student-centred learning approach in which students are stimulated 
to work together and to get involved in a social, active, engaged, and constructive learning process, as opposed to 
more traditional approaches, which tend to emphasize the memorizing of factual information. Moreover, the Web is 
used as a source for knowledge exploration and inquiry in science and it is stated by Wallace, Kupperman, Krajcik 
and Soloway (2000) that the Web can be seen as an information resource which opens the boundaries of the 
classroom and creates the possibility for students to pursue questions of personal interest.  
 
Two main research questions drove this study:  
1) Based on the Self-Determination Theory this study aims to identify the motivation profiles in the dataset 
and the impact of the individual and group differences, i.e. gender, achievement level and academic track  
2) This study aims to identify the potential shifts to a different (more qualitative) motivation profile as a result 
of being exposed to web-based inquiry learning in science education. 
2. Method 
2.1 Participants and Setting 
The participants in this study were 220 students from 13 secondary school classes (grade 9 and 10). The average age 
of these students was 16 years. The ratio of males to females among the participants was 63% boys to 37% girls. 
The classes were selected from 6 Flemish secondary schools and were a mix of differentially tracked class types 
(science vs. nonscience). See Table 1 for a detailed overview. 
 
The science teachers of these classes were asked to dedicate four class periods of 50 minutes to complete the 
intervention, i.e. the implementation of a web-based inquiry curriculum project. The science teachers were assisted 
to implement the web-based inquiry curriculum project by at least two Master’s students Educational Sciences. 
These master students had been trained in advance so they were known with the theoretical backgrounds of 
technology-enhanced learning in science and they were familiar with the inquiry-based curriculum project. 
Moreover, the Master’s students were responsible to conduct the pre-and posttests and they had been trained to carry 
out the intervention according to a set of instructional principles.  
 
Table 1: 
Participating Classes 1  (N
=
 20)
 
2 (N
=
 15)
 
3 (N
=
 22)
 
4 (N
=
 23)
 
5 (N
=
 19)
 
6 (N
=
 18)
 
7 (N
=
 15)
 
8 (N
=
 22)
 
9 (N
=
 12)
 
10
 (N=
 17) 
11
 (N=
 19) 
12
 (N=
 10) 
13 (N
=
 8)
 
TO
TA
L 
(n
=220)
 
8 6 16 15 15 11 15 12 9 16 6 2 7 138 Gender Boys 
 
Girls 12 9 6 8 4 7 0 10 3 1 13 8 1 82 
Low 9 10 12 11 13 8 8 10 6 9 9 5 6 116 Achievement 
level* 
High 11 5 10 12 16 10 7 12 6 8 10 5 2 104 
Science   15 22 23 19   22 12 17  10  140 Academic 
track 
Non 
science 
20     18 15    19  8 80 
 
NOTE: *based on the within-class mean exam score   
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2.2 Design and Procedure  
During the first session, secondary students completed the individual pretest and were introduced to the WISE-
environment. Global climate change was chosen as the topic under investigation because the topic is familiar and 
actual. Global warming is an issue that students have heard about, but because of the uncertainty and controversy in 
the scientific community, climate change can be considered as a complex topic. The science of climate change is an 
interesting area for study because it integrates the sciences of physics, chemistry, biology, and geography. In this 
way, it provides an opportunity to apply a system approach to science learning that is increasingly stressed by 
educational policy and national standards. Students were free to choose their partner and started working in dyads on 
the first introductory activity of the WISE-project. Students worked in the same dyads during the whole 
intervention. During the project, students could use the World Wide Web as a source for collaborative knowledge 
exploration to answer the research questions and check their hypotheses. Moreover, students were provided with 
models, simulations, and video material, which were integrated in the WISE-project and facilitated science inquiry. 
Students also had to reflect on their group work and on the use of shared knowledge in several individual reflections 
notes during the collaborative inquiry project. The purpose of these reflections was to encourage students to develop 
their understandings of the science of global climate change and reflect on their participation. Finally, all students 
completed the individual posttest.  
 
2.3 Measure and Instrument 
 
Students’ motivation for science learning was measured from the SDT perspective by means of an adapted version 
of the Academic Self-Regulation Questionnaire originally developed by Ryan and Connell (1989), yet redesigned by 
Vansteenkiste, Sierens, Soenens, Luyckx, & Lens (2009). This 16-item scale containing four items per regulation 
type is displayed in Table 2. This questionnaire has been successfully used and validated in the context of previous 
motivation research in different contexts (e.g. De Naeghel, Van Keer, Vansteenkiste, & Rosseel, in press; 
Vansteenkiste et al., 2009). In this study, the questionnaire has been presented twice to the involved students. This 
pretest-posttest design was used in this study to assess potential shifts in the quality of motivation. Students could 
rate the items on a 5-point Likert scale, ranging from 1 (totally disagree) to 5 (totally agree). Internal consistencies 
for the eight-item subscales, as indexed by Cronbach’s alpha, were satisfactory for both autonomous motivation 
(pretest Į = .93 , posttest Į =.94) and controlled motivation (pretest Į = .72 , posttest Į =.85 ). These scales were 
created  by averaging the subscales of intrinsic and identified and introjected and external regulation respectively.  
 
Table 2.  
The Academic Self-Regulation Questionnaire  
Question in pre- and posttest: 
I’m motivated for science learning… 
Cronbach‘s  alpha 
pre 
Cronbach‘s alpha 
post 
Controlled regulation .716 .851 
External regulation / external obligation .734 .851 
1. … because I’m supposed to do so. 
2. … because that’s something others (parents, friends, etc.) force me to do. 
3. … because others (parents, friends, etc.) oblige me to do so.  
4. … because that’s what others (parents, friends, etc.) expect me to do.  
1   2   3   4   5  
1   2   3   4   5  
1   2   3   4   5  
1   2   3   4   5  
Introjected regulation / internal obligation .509 .791 
1. … because I want others to think I’m smart.  
2. … because I would feel guilty if I wouldn’t do so.  
3. … because I would feel ashamed if I wouldn’t do so.  
4. … because I want others think I’m a good student.  
1   2   3   4   5  
1   2   3   4   5  
1   2   3   4   5  
1   2   3   4   5 
Autonomous regulation .925 .939 
Intrinsic motivation / pleasure .927 .924 
1. … because I am highly interested in doing this.  
2. … because I enjoy doing it.  
3. … because it’s fun.  
4. … because it’s an exciting thing to do.  
1   2   3   4   5  
1   2   3   4   5  
1   2   3   4   5  
1   2   3   4   5 
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Identified regulation / personally relevant .832 .875 
1. … because I want to learn new things.  
2. … because it is personally important to me.  
3. … because this represents a meaningful choice to me.  
4. … because this is an important life goal to me.  
1   2   3   4   5  
1   2   3   4   5  
1   2   3   4   5  
1   2   3   4   5 
3. Results 
RQ1: Motivational profiles and the impact of gender, achievement level and academic track 
 
Based on the results on both dimensions in the pretest, i.e. autonomous motivation and controlled motivation for 
science learning, the participating students could be categorised in one of the four motivation profiles. A score of 3 
or more on the 5-point Likert scale was labelled as high, a score below 3 was labelled as low. As shown in the table 
below, most students (54 %) could be categorised in the good quality motivation group, which means that these 
students reported a high autonomous motivation for science learning and a low controlled motivation. However, also 
43,6% of the students could be categorised in the low quantity motivation group, meaning that they reported both a 
low autonomous and controlled motivation for science learning. Only 5 students (2.4%) could be categorised in the 
poor quality motivation group and no students in the high quantity motivation group. In addition, it was questioned 
how the categorisation was related with students’ individual and group differences. A significant impact was found 
for gender (X² =6.87, df = 2, p = .03) and students’ academic track (X² =29.56, df = 2, p < .001). More boys and 
students from a scientific track are categorised in the good quality motivation group, whereas more girls and 
students from a general track are categorised in the low quantity motivation group. Within a class, no significant 
impact is found between low and high achieving students (X² =.48, df = 2, p = .78).  
 
Table 3 
Total Gender 
 X² =6.87, df = 2, p = .03 
Achievement level 
X² =.48, df = 2, p = .78 
Academic track 
X² =29.56, df = 2, p < .001 
Motivational profiles  
(based on pretest scores) 
 Boys Girls Low High Science General 
Good quality motivation group: 
high autonomous, low controlled 
motivation 
118 
(54%) 
80 
(58,4%) 
38  
(47%) 
64 
(55.7%) 
54 
(52.4%) 
94  
(67.6%) 
24 
(30.4%) 
Poor quality motivation group: 
low autonomous, high controlled 
motivation 
5 (2,4%) 5 (3,6%) 0 2 (1.7%) 3 (2.9%) 1 (0.7%) 4 (5.1%) 
Low quantity motivation group: 
low autonomous, low controlled 
motivation 
95 
(43,6%) 
52 
(38%) 
43  
(53%) 
49 
(42.6%) 
46 
(44.7%) 
44  
(31.7%) 
51 
(64.6%) 
High quantity motivation group: 
high autonomous, high controlled 
motivation 
0 0 0 0 0 0 0 
 218 
(100 %) 
137 
(100%) 
81  
(100%) 
115 
(100%) 
103 
(100%) 
139 
(100%) 
79 
(100%) 
 
RQ 2: Shifts in motivational profiles 
Second, it was questioned if students’ motivational profile can change to a different cluster as a result of being 
exposed to web-based collaborative inquiry learning.  Since WISE can be considered as autonomy supportive, it was 
hypothesized that students would give evidence of a higher autonomous motivation for science resulting in more 
students categorised in the good quality motivation group. As shown in Table 2 only 6,4 % of the involved students 
confirm the hypothesis of a shift to the good quality motivation group as a result of an increased autonomous 
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motivation. However, also 10% of the involved students made a shift from a good quality motivation to a low 
quantity motivation as a result of a decreased autonomous motivation which is contrary to the expectation. The 
motivation profile of the major part of the involved students didn’t change.  
 
Table 4 
Shifts in motivational profiles N (Total N = 212) % 
Low quantity Æ good quality 14 6.4 
Low quantity Æ  poor quality 3 1.4 
Low quantity Æ high quantity 2 .9 
Poor quality  Æ low quantity 3 1.4 
Good quality Æ poor quality 1 .5 
Good quality Æ low quantity 22 10 
Good quality Æ high quantity 5 2.3 
No shift 162 73.6 
 
These shifts resulted in following distribution across the four categories: 48.6% in the good quality group, 2.8% in 
the poor quality group; 45.3% in the low quantity group and 3.3% in the high quantity group. Thus, the good quality 
group is decreased in favour of the low and high quantity groups. These results from a person-centred approach can 
be confirmed from a dimensional approach comparing the overall results of both autonomous and continuous 
motivation between pre- and posttest. Based on a paired-sample t-test, the hypothesis of higher autonomous 
motivation during the WISE-project need to be rejected since no significant difference is found (t = .04, df = 211, p 
= .97). Yet, with regard to the controlled motivation, an overall significant increase is found  (t = -2.21, df = 211, p = 
.03).  
 
Table 5  
 Pretest Posttest Difference 
Outcome variables * M SD M SD t (df) Sig. 
Autonomous motivation  2.98 0.97 2.98 0.97 0.04 (211) 0.967 
Controlled motivation 1.55 0.52 1.64 0.68 -2.21 (211) 0.028 
4. Conclusion & Discussion 
Although the finding of decreased learning motivation and interest in science learning has often been the original 
driving force for developing and implementing innovative technology-enhanced learning environments, to date there 
has been much more focus on theories of learning whereas learner motivation, as a research priority, remains 
relatively marginalized. This research gap is noticed more general in the Learning Sciences as stated by Blumenfeld, 
Keppler, & Krajcik, 2006), but also more particularly in research on science education as stressed by Koballa & 
Glynn, 2007. Numerous studies have stressed the learning gains of technology-enhanced inquiry science curricula 
(Linn & Slotta, 2009, Raes, Schellens, & De Wever, 2010) and teachers often indicate that WISE make 
contributions to students’ interest in science, but hard evidence from students’ perspective that being exposed to 
technology-enhanced learning in science can improve students’ motivation is lacking. Though, this motivation 
perspective is crucial, since learning by means of a technology-enhanced learning environment not only aims to 
increase motivation, but also require high levels of learner motivation (Järvelä, Hurme & Järvenoja, 2011). Students 
need for example to adjust to a new relationship with the teacher, who becomes a facilitator rather than the primary 
source of information (Blumenfeld et al., 2006).  
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This study met this research gap by specifically focusing on motivation for science learning using the Self-
Determination Theory. The framework of SDT maintain that autonomous motivation can be fostered within an 
environment that facilitates the satisfaction of three basic needs: 1) students’ need for autonomy, 2) competence, and 
3) relatedness. In this respect, is was hypothesized that web-based collaborative inquiry in science classrooms can be 
considered as a need-supportive environment which in turn can foster good quality motivation for science learning 
(i.e. high autonomous motivation, low controlled motivation). Based on the results of this study, the hypothesis of an 
overall increased autonomous motivation for science as a result of being exposed to web-based inquiry during 
secondary science education need to be rejected. On the other hand an overall increase of controlled motivation is 
found, but this doesn’t result in more qualitative motivation profiles. The motivation profile of the major part of the 
involved students didn’t change. We need to conclude that higher learner motivation, which in this study meant 
more qualitative motivation, cannot taken for granted because of an innovative learning approach. Moreover, the 
assumption that web-based collaborative inquiry in science classrooms can be considered as a need-supportive 
environment need further investigation. Further research is needed to gain insight to what extent students perceive 
web-based inquiry learning as autonomy - , competence – and relatedness-supportive and how we can improve the 
implementation of the learning environment to satisfy their basic needs.   
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